Aim: To determine the size of the growth deficit in Dutch monozygotic and dizygotic twins aged 0-2.5 years as compared to singletons and to construct reference growth charts for twins.
INTRODUCTION
Monitoring children's height is a standard procedure in many countries. Children's height is measured in order to diagnose abnormal height growth rates and to monitor the results of any treatment for such conditions. Weight is another important growth parameter, which provides information about the individual's nutritional status. The Quetelet Index (body mass index (BMI) = kg/m 2 ) is used to identify cases of overweight or underweight and to monitor nutritional status. The increase in height and weight during infancy has a strong correlation with gestational age and with the growth during pregnancy. A study on Australian twins and singletons concluded that the twins exhibit slower growth in comparison to singletons from week 26 of pregnancy until birth (1) . In addition, twin pregnancies were about 3 weeks shorter than the singleton pregnancies, resulting in low birth weight. The same was found in Dutch twins, where the mean birth weight of twins was almost 1 kg less than that of singletons (2) . Belgian twins showed a Abbreviations SDS, standard deviation score; BMI, body mass index; NTR, Netherlands Twin Register; MZB, monozygotic boys; MZG, monozygotic girls; DZB, dizygotic boys; DZG, dizygotic girls; L, skewness curve; M, the median curve; S, the coefficient of variation curve; SMOCC, social medical survey of children attending child health clinics. reduction in weight gain from week 32 of pregnancy onwards. For height this effect was not seen until week 39 (3) . The Belgian study signalled that height and weight of twins cannot be compared with those of singletons. Also, the American twins were found to lag at birth, both in terms of height and weight. They rapidly caught up in weight during the first 3 months, whereas height took much longer (4). The literature cited above suggests that during infancy, the growth pattern of twins differs from that of singletons. Therefore, there is need for special growth charts for twins. In order to fill this gap, we investigated the size of the growth deficit in Dutch monozygotic and dizygotic twins from birth to 2.5 years of age. We compared longitudinal data from Dutch twins with reference charts for the Netherlands dating from 1997 (5, 6) . Reference charts for twins were constructed. Abnormalities in the growth of twins can now be identified more effectively with these new charts than would be possible by using the standard references.
PATIENTS AND METHODS
The data were derived from the Netherlands Twin Register (NTR) at VU University, Amsterdam. Longitudinal length/height and weight measurements were obtained in post-natal clinics between birth and approximately 2.5 years of age (7) (8) (9) of the twins born during the period 1986-1992. A child was included if it was measured on at least one occasion between birth and 2.7 years of age and suffered no severe handicaps. Twins were analyzed as two separate individuals (10) .
For length/height, the data consisted of 1420 monozygotic boys (MZB), 1580 monozygotic girls (MZG), 2669 dizygotic boys and boys from boy-girl twin pairs (DZB) and 2623 dizygotic girls and girls from boy-girl twin pairs (DZG). For weight, we had 1428 MZB, 1583 MZG, 2677 DZB and 2630 DZG. For BMI, there were 1418 MZB, 1577 MZG, 2665 DZB and 2618 DZG. Most of the children were measured on 9-12 occasions.
The LMS method was used to determine the reference lines for length/height, weight and BMI (11) . The principle behind this method is that, following a suitable transformation, the data show a standard normal distribution. We refer to a transformed data point as a standard deviation score (SDS). In the LMS method, this transformation involves the use of three age-dependent curves. These are the skewness curve (L), the median curve (M), and the coefficient of variation curve (S). In order to obtain smooth and accurate L, M, and S curves, the method uses the standard likelihood function with a penalty term for lack of smoothness (maximum penalized likelihood) (12) . Worm plots were used to check the normality of the SDS (13) . The LMS Pro program (version 1.16, dated 15 April 2002) was used for the calculations involved in the LMS method (14) . The worm plots were made by using S-plus 2000. For length/height and weight, age was scaled in the way it expanded during periods of rapid growth and compressed during periods of slow growth. For BMI, a power transformation was used, using 0.33 (for boys) and 0.25 (for girls) with zero offset (13) . Children with retarded growth are likely to visit post-natal clinics more often. In order to prevent short children from becoming over-represented in the LMS analyses a weighting factor was calculated for all measurements. This weighting factor was defined per child as the inverse of the number of occasions on which that child was measured. When L, M and S references for twins are available, each measurement can be converted into SDS. SDS of measurement x is calculated as 0). This SDS expresses the measurement in relation to twins in units of standard deviations above or below the median and is useful to detect trends in both mean and variability. Growth anomalies in twins were calculated in relation to the Dutch 1997 references.
To investigate the deficit of SDS corrected for gestational age, we applied the prenatal (intrauterine) reference curve according to Niklasson et al. in preterm infants (15) . This curve was used to express SDS till the age corresponding with 40 weeks of gestation. Between 40 and 42 weeks an interpolation between this curve and that of the 1997 Dutch references was used. From 42 weeks of gestation till the age of 2 years, SDS was calculated on ages corrected for gestation, using the 1997 Dutch references. The SDS for the term infants was based on the 1997 Dutch references. Table 1 contains mean length/height, weight and BMI on the SDS scale for various age groups. During the first 6 months , the mean length and weight deficit was equal to −1.3 to −1.4 SDS (10th percentile) for monozygotic twins in relation to the reference population of singletons. For dizygotic twins, length and weight deficit ranged from −1.2 to −1.3 SDS. Twins catch up part of the growth deficit in later life. Between 0.5 and 1.5 years, mean SDS had increased to −0.6 SDS (approximately the 25th percentile), and between 1.5 and 2.5 years it reached approximately −0.3 SDS (approximately the 35th percentile). At that point, dizygotic girls, in particular, had nearly reached the reference level. For BMI, mean SDS was substantially closer to the mean of the reference population than for height and weight (see Table 1 ). Table 2 shows the magnitude of the contribution made by gestational age relative to the standard reference population. For the twins, whose age of gestation was known to range from 39 to 41 weeks, i.e. for term births, (954 children), The standard deviation is shown in parentheses.
RESULTS
mean SDS was calculated for three age groups. We observed a deviation of −0.6 to −0.7 SDS for the length and the weight throughout the first 6 months. One year later, that deviation was −0.3 to −0.4 SDS. That means that approximately half of the size of the deviation seen throughout the first 18 months can be attributed to gestational age. During the period from 18 months to 2.5 years, this was reduced to one-third. When applying the prenatal reference curve for the preterm infants and the 1997 Dutch references for the term infants, the mean (SD) length/height SDS corrected for gestational age was −0.52 (1.04) for age group <0.5 year, −0.25 (0.97) for age group 0.5-1.5 years and −0.17 (1.03) for age group 1.5-2.5 years, and for weight was −0.63 (1.08) for age group <0.5 year, −0.37 (0.97) for age group 0.5-1.5 years and −0.20 (0.99) for age group 1.5-2.5 years. This is in agreement with the results shown in Table 2 . Accordingly, a correction for premature birth alone will not be enough to render the growth of twins comparable to the growth of singletons. The difference in length and weight from birth to 6 months of age between monozygotic and dizygotic twins was small but statistically significant in both girls and boys (see Table 1 ). This difference in SDS varied between 0.10 and 0.17. This is a relatively small difference and therefore in clinical practice it is recommended to use the reference charts based on the dizygotic twins, as most twins are dizygotic (see Figs. 1-2) . However, if a computer-based system is available in child health care, we recommend to use the L, M, S values for length and weight for both monozygotic and dizygotic twins, as length and weight of monozygotic twins are systematically lesser than that of dizygotic twins (see Table 3 ).
It is noteworthy that our twin length references are skewed to the left (i.e. L > 1), while length references are usually normally distributed (e.g. the Dutch 1980 or 1997). Furthermore, this left skewness disappears with age in the monozygotic twins, but remains unchanged in the dizygotes. This might indicate that the monozygic twins who are born short are more likely to catch up over a period of time than the dizygotic twins. We tested this by comparing the growth velocity of height between monozygotic and dizygotic twins born short (< −1 SDS using twin references) on a subpopulation of twins previously described in van Dommelen et al. (2004) (16). We found that monozygotic twins who were born short had a slightly higher (+0.29 to +0.40) growth velocity compared to dizygotic twins, although not statistically significant. Thus, the analysis did not provide evidence in favour of the suggestion that monozygtic twins are more likely to catch up. The difference in BMI between the type of twins was not statistically significant, and we have therefore constructed only one reference chart based on the dizygotic twins (see Fig. 3 ). The LMS values for BMI are shown in Table 4 .
DISCUSSION
Differences in length/height, weight and BMI between twins and singletons decline during the first 2.5 years, but do not disappear completely. Part of these differences remains even after correcting for premature birth. Accordingly, there is a genuine need for special growth charts for twins. This study has developed growth references specifically for twins.
The new growth charts are based on Dutch twins. The WHO Multicentre Growth Study detected only small differences for height and weight in children up to the age of 2 years among different populations (17) . It seems likely that this would be similar to twins. Given the large growth deficit in twins during early age, we advise to use twin-specific references rather than reverting to the countries' own reference for singletons with or without correction. We, therefore, recommend the twin references as presented here for application to twins in other populations. For East-Asian countries, we cannot give the same advice as Hur et al. reported that the total phenotypic variances of birthweight were about 45% larger in Caucasians than in East Asians (18) . Therefore, East-Asian twins might grow differently than Caucasian twins. Growth charts for Japanese twins are available and we advise to use these for countries in East Asia (19) . No LMS references for Japanese twins were obtained.
The standard reference population dates from 1997(5,6), while the twins in our study were born in the period from 1986 to 1992. In view of the fact that improvements in the availability and quality of food, health and hygiene can lead to an increase in the height-growth rate, various studies have been conducted to identify the difference (5, 6, 20) . These studies show that secular trend only becomes evident later in life. Since 1965, the height of individuals up to 3 years of age has remained virtually unchanged (5) . With regard to BMI, in the age group from birth to 2.5 years of age, no more than 13% of the population examined in 1997 passed the P90 for 1980, 54% the P50 and 90% the P10 (6) . Furthermore, we examined secular trend between 1988/1989, which is part of the period in which the twin data collection took place, and 1997 by using a reference sample obtained from the Social Medical Survey of Children Attending Child Health Clinics cohort, a nationally representative cohort of 2151 children born in the Netherlands in 1988-1989 (21) . For this cohort, mean length, weight and BMI SDS was equal to −0.12, −0.05 and 0.12 for age group <0.5 year, 0.01, −0.04 and −0.01 for age group 0.5-1.4 years, and 0.07, 0.04 and 0.05 for age group 1.5-2.5 years. These results show no systematic trend. Therefore, our results are unlikely to be affected by the differences in birth dates.
During the first 2.5 years of life, differences occur in growth between twins and singletons, even after correcting for gestational age. We recommend the use of reference growth charts for twins.
